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NOMENCLATURE

Aspect ratio of discharge channel; a=5b/d
Discharge channel cross-sectional area; A4 = bd
Discharge channel width;

Internal gravity wave speed;

Local shallow water wave speed; /gH

Baroclinic phase speed proportional to JH ;
Speed of sound;

Local tracer concentration

Empirical coefficients for Eqns. 2-11 and 4-5;
Empirical coefficients for Eqns. 2-12 and 2-13;
Empirical powers for Eqn. 2-12, 2-13 and 4-5;
Source (river) tracer concentration;
Background ambient concentration;

Discharge channel depth;

Corilois parameter;
Fraction of bacteria attached to the particles;

Local densimetric Froude number;
Source densimetric Froude number for a buoyant discharge;
/ ! 1/2 . . !/ .
Fr= UO/(gOLQ) or for a line diffuser; Fr7; = u3/j0
River densimetric Froude number adjusted for plume thickness;
Fr, = UOhO I\ &h

River densimetric Froude number based on full channel velocity;
Fr,=U,/gd

Acceleration due to gravity;

Local modified acceleration due to gravity; g’ = g Ap/p,
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Modified acceleration due to gravity at source; g, = g Ap,/p,

Plume thickness in the lake;

Plume thickness at the river mouth;

Critical depth a buoyant discharge in rectangular channel; %, = (q; / g")"”?

Water depth;

Solar radiation as a function of time;

Buoyancy flux per unit length (e.g. for a line diffuser); j, = g,9,

Buoyancy flux (e.g. in the river); J, = g,0,
Bacterial decay rate;

Base mortality;

Sunlight attenuation coefficient;

Insolation inactivation rate;

Horizontal turbulent (eddy) diffusion coefficients;

Vertical turbulent (eddy) diffusion coefficient;

Plume-crossflow length scale; /, = J, / U’

Jet-crossflow length scale; [, = M, / U,

Jet-plume length scale; /,, = MS'M/J(I)/2

Discharge length scale; /, = O, / M,"
Jet-plume-crossflow length scale; /, = M;" / (J,U, )”3
Discharge momentum flux; M, =U,Q,

Total number of time steps;

Buoyancy frequency; N = -g.49
p, dz
Volume flux per unit length;

Discharge volume flux; O, =U, 4
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Radial distance from the river mouth;

Initial radial distance from the river mouth;

Richardson number;

Mean dilution;

Minimum dilution; S, =(C,-C,)/(C, - C);
Water temperature;

Time for bacteria to reduce by 90%;
Currents speed in x direction;

Ambient longshore current velocity; U
Full-depth discharge velocity;

Current vector;

Currents speed in y direction;

Stoke’s velocity of particles;

Currents speed in z direction,;

Arc length of the plume;
Initial arc length of the plume;
Offshore wind component;

Horizontal downstream coordinate (in x direction);
Horizontal coordinate (in y direction) perpendicular to ambient cross flow;

Vertical coordinate;
Bottom roughness height;

Ratio of full-discharge velocity to longshore ambient current speed; U, /U,

Power in radial spreading formula;
Time step;

Grid size or displacement in x, y or z direction;
Displacement in x, y or z direction;

Local density difference; Ap = p, — p
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Initial density difference at source; Ap, = p, — P,

Constant multiplier in radial spreading formula;

Water surface elavation;
Random particle displacement;
Ambient water density

Initial discharge density
Sigma coordinate;

Distance along the plume trajectory;

Plume potential core length;
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SUMMARY

Models of the fate and transport of river plumes and the bacteria they carry into
lakes are developed. They are needed to enable informed decisions about beach closures
to avoid economic losses, and to help design water intakes and operate combined sewer
overflow schemes to obviate exposure of the public to potential pathogens. This study
advances our understanding of river plumes dynamics in coastal waters by means of field
studies and numerical techniques.

Extensive field measurements were carried out in the swimming seasons of 2006
and 2007 on the Grand River plume as it enters Lake Michigan. They included
simultaneous aerial photography, measurements of lake physical properties, the addition
of artificial tracers to track the plume, and bacterial sampling. Our observed results show
more flow classes than included in previous studies (e.g. CORMIX). Onshore wind can
have a significant effect on the plume and whether it impacts the shoreline. A new
classification scheme based on the relative magnitude of plume-crossflow length scale
and Richardson number based on the wind speed is devised.

Previous studies on lateral spreading are complemented with a new relationship in
the near field. The plume thickness decreased rapidly with distance from the river mouth
and a new non-dimensional relationship to predict thickness is developed. Empirical near
field models for surface buoyant pl